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We reconstructed the radiocarbon activity of intermediate waters in the eastern North Pacific over the past 38,000 years. Radiocarbon activity paralleled that of the atmosphere, except during deglaciation, when intermediate-water values fell by more than 300 per mil. Such a large decrease requires a deglacial injection of very old waters from a deep-ocean carbon reservoir that was previously well isolated from the atmosphere. The timing of intermediate-water radiocarbon depletion closely matches that of atmospheric carbon dioxide rise and effectively traces the redistribution of carbon from the deep ocean to the atmosphere during deglaciation.
R adiocarbon measurements of calendrically dated hermatypic corals (1) and planktonic foraminifera (2, 3) indicate that the radiocarbon activity (D 14 C) of the atmosphere during the latter part of the last glacial period [~20,000 to 40,000 years before the present (yr B.P.)] ranged from~300 to 800 per mil (‰) higher than it was during the prenuclear modern era (Fig. 1C) . Although reconstructions of Earth's geomagnetic-field intensity predict higher cosmogenic 14 C production rates during the glacial period, production was apparently not high enough to explain the observed atmospheric enrichment (2) (3) (4) (5) . Rather, a substantial fraction of the atmosphere's D 14 C buildup must have been due to decreased uptake of 14 C by the deep ocean. This requires a concomitant 14 C depletion in a deep-ocean dissolved inorganic C reservoir that was relatively well isolated from the atmosphere. Renewed ventilation of this reservoir could theoretically explain the drop in atmospheric D 14 C (Fig. 1C ) and the rise in atmospheric CO 2 (6) across the last deglaciation. Most workers point to the Southern Ocean as a locus of deglacial CO 2 release, based on the similarity between atmospheric CO 2 and Antarctic temperature records (6) and on numerous conceptual and numerical models (7) (8) (9) . If correct, we would expect some signature of the low-14 C deepocean C reservoir to be spread to other basins via Antarctic Intermediate Water (AAIW). Here, we report a strong radiocarbon signal of the deglacial release of old C, recorded in an intermediatedepth sediment core from the northern edge of the eastern tropical North Pacific.
Intermediate water D 14 C reconstruction. Marine sediment multi-core/gravity-core/pistoncore triplet from sediment layer MV99-MC19/ GC31/PC08 was raised from a water depth of 705 m on the open margin off the western coast of southern Baja California (23.5°N, 111.6°W) (10) . The site is today situated within the regional O 2 minimum zone that exists because of a combination of high export production and poor intermediate-water ventilation. Various sediment properties in MC19/GC31/PC08 vary in concert with the so-called Dansgaard-Oeschger (D-O) cycles that characterized the Northern Hemisphere climate during the last glacial period (11) . Originally discovered in Greenland ice cores, D-O cycles also exist in a number of lower-latitude locations that were probably teleconnected to the North Atlantic region through the atmosphere (2, 12, 13) . Off the coast of Baja California, the sedimentary concentrations of organic C, Cd, Mo, and benthic foraminifera all decreased sharply during D-O stadials (cold periods in Greenland) (11, 14) . Together, these proxies are consistent with reduced productivity during stadials, caused by either decreased coastal upwelling or a deepening of the regional nutricline related to the mean state of the tropical Pacific (11) .
Diffuse spectral reflectance (DSR) provides a 1-cm resolution stratigraphy for GC31/PC08. After R-mode factor analysis, the third factor of DSR (Fig. 1A) exhibits the strongest correlation to the productivity proxies and to Greenland climate (11 (Fig. 1C) , as reconstructed from tree rings (17), U-Th-dated corals (1, 17) , and planktonic foraminifera from Cariaco Basin off Venezuela (3). Calendar ages for Cariaco Basin were originally based on the correlation of lithologic climate proxies to the GISP2 d
18
O record (2) , which has been layercounted with visual and chemical techniques (15 (13) . Because DSR in GC31/PC08 is more similar to the Greenland isotope record than to the lower-resolution Hulu Cave record, we continued to use the GISP2 correlation but applied simple provisional age adjustments to GISP2 older than 23,400 yr B.P., using four tie points to Hulu Cave (Fig. 1B and  fig. S1 ). We do not suggest that this age model is necessarily superior to the original one (15) , but this exercise is necessary for comparing our data to the most recent (and most consistent) atmospheric D
14
C reconstructions (1, 3, 17) . The resulting age model for MC19/GC31/PC08, based on 21 tie points, yields a very constant sedimentation rate ( fig. S2 ) and gives us confidence that our calendar-age assignments for 14 C samples between tie points are reliable to within a few hundred years (table S1) .
Baja California intermediate-water radiocarbon activities are plotted in red in Fig. 1C . The modern activity, based on a local seawater measurement of -131‰ at 445 m and the nearest Geochemical Ocean Section Study profile (18) , is estimated to be -170‰, in good agreement with the core top value. Comparable offsets from the contemporaneous atmosphere were maintained throughout the Holocene (typicallỹ 100‰ between 0 and 10,000 yr B.P.) and during the latter part of the glacial period (roughly 200‰ between 20,000 and 30,000 yr B.P.) (19) . Radiocarbon activities before 30,000 yr B.P. show increased scatter that may be related to the greater influence of slight contaminations on older samples.
Overall, it is clear that intermediate waters mainly followed atmospheric D
C over the past 40,000 yr, except during the last deglaciation. Activities dropped sharply just after 18,000 yr B.P., reaching minimum values of~-180‰ between 15,700 and 14,600 yr B.P., roughly 450‰ lower than that of the contemporaneous atmosphere. For comparison, the lowest D 14 C values found in the modern ocean (in the North Pacific near 2-km water depth) are depleted bỹ 240‰, relative to the preindustrial atmosphere (18) . A second comparably large depletion event began sometime between 13,500 and 12,900 yr B.P. and ended between 12,100 and 11,600 yr B.P. The magnitude of 14 C depletion we reconstructed during these two deglacial events is much too great to attribute to changes in dynamics of the North Pacific thermocline (20) and must instead record a large change in the initial 14 C activity of waters advected to the site. Such depleted waters could have been sourced only from the deepest, most isolated regions of the glacial ocean (21) .
Link to atmospheric history. In Fig. 2 , we compare the timing of reconstructed intermediatewater and atmospheric D 14 C changes with the deglacial record of atmospheric CO 2 from the East Antarctic Dome C ice core (6) . The latter is shown on a GISP2 layer-counted time scale based on a simple synchronization of CH 4 variations between the Dome C and GISP2 ice cores (supporting online material text and table S2). It is immediately apparent that the atmospheric D 14 C decline and CO 2 rise occurred in parallel, with a synchronous, intervening plateau appearing in both records. There is a slight (and still unreconciled) difference in the timing of the start of the deglacial atmospheric D
C decline between the Cariaco Basin (3) and IntCal04 (17) reconstructions, but we take the deglacial onset of the atmospheric CO 2 rise and the atmospheric 14 C decline to be essentially synchronous. We now also find that these changes were associated with a prominent decline in D As pointed out by Monnin et al. (6) , the deglacial rise of atmospheric CO 2 closely followed the rise in East Antarctic temperatures (Fig. 3A) , implying that the ocean's release of C to the atmosphere was associated with changes in the Southern Ocean. Deep convection of the Southern Ocean both ventilates much of the ocean interior and returns to the atmosphere much of the C extracted by photosynthesis in the sunlit surface of the global ocean. During the last glacial period, density stratification of the Southern Ocean surface and/or extensive sea-ice coverage are suggested to have isolated deep waters from the atmosphere (7-9), permitting the buildup of a larger deep-ocean C reservoir and a consequent drawdown of atmospheric CO 2 . Sediment pore water chlorinity and d
18
O measurements, combined with benthic foraminiferal d 18 O, indicate that deep Southern Ocean waters were the saltiest and densest waters in the glacial ocean (22) . Such high salinities point to brine formation beneath sea ice as an important mode of formation. At deglaciation, a progressive renewal of deep convection or upwelling in association with documented sea-ice retreat (23) [and possibly with poleward-shifting westerlies (8)] would have provided for the simultaneous delivery of ocean heat and sequestered C to the atmosphere. This transition occurred in two major steps, beginning with relatively early (~18,000 years ago) and gradual increases in temperature and CO 2 that were temporarily interrupted by the Antarctic Cold Reversal (ACR). Major transients in our record of D C signature, and we suggest that this is the signal we observe off the coast of Baja California. Today, AAIW is barely traceable as a distinct water mass north of the equator in the eastern tropical Pacific (26) . We argue that the northward penetration of AAIW during deglaciation was greater than it is today (27) and was at times fed by extremely 14 C-depleted waters sourced from the abyss by deep overturning in the Southern Ocean. Sea-ice retreat could have allowed the upwelled deep waters to gain buoyancy from precipitation, converting some fraction of these waters into AAIW without substantial mixing with warmer thermocline waters (28) , which would otherwise dampen the D 14 C signal. There is evidence that vertical stratification of the North Pacific also varied on an Antarctic climate schedule (29) , so northern deep waters may have supplemented the supply of aged C to the Baja California site. However, the interaction of strong circumpolar winds with bathymetry in the Southern Ocean provides for much more effective vertical pumping (30) than do conditions in the North Pacific, and therefore southern sources probably dominated the D 14 C changes in our record.
North-south teleconnections. Numerous observational and modeling studies indicate an inverse relationship between Antarctic and North Atlantic temperature variations that may be due to altered interhemispheric ocean-heat transport and/or opposing local deep-water formation histories (28, (31) (32) (33) . Insofar as D Th from sediments in the western North Atlantic (34) (Fig. 3C) . The near-cessation of 231 Pa export beginning just after 18,000 yr B.P. records a collapse of GNAIW that has been linked to a massive discharge of glacial ice and fresh water to the North Atlantic, known as Heinrich event 1. After a recovery during the Bølling-Allerød warm phase, another marked weakening of NADW/ GNAIW is documented during the Younger Dryas cold period, probably also triggered by a discharge of glacial meltwater (34) . Both periods of NADW/GNAIW reduction were times of intermediate-depth Pacific D
14
C decline and atmospheric CO 2 rise.
It is often difficult to identify triggers in a tightly coupled system, but the relationships described above suggest that the Antarctic climate schedule may have been paced by ice sheet and meltwater forcing around the North Atlantic. Support for this conclusion comes from our observation that although major inflections in the D Recent work shows that deep North Atlantic radiocarbon activities also increased abruptly during the Bølling-Allerød because of renewed formation of NADW and that they temporarily decreased during the Younger Dryas, when NADW formation was again briefly restricted (37, 38) . In light of our new record, this pattern of deep-ocean change was probably limited to the North Atlantic (arising from deep circulation changes within the basin), whereas the intermediate-depth North Pacific record tracks the overall redistribution of C from the deep ocean to the atmosphere.
Implications for the deep C reservoir. Finally, our results bear on recent questions concerning reconstructed rates of atmospheric D
C decline during deglaciation and implied 14 C aging of glacial deep waters. Although subject to uncertainties (19) , decay projection of our first deglacial D
C minimum back to the surface ocean (39) gives an apparent ventilation age of 4000 years, implying that the inferred deep Southern Ocean source waters were at least that old. This is broadly consistent with the minimum deep-ocean age estimated from the atmospheric record, assuming that the old reservoir filled half of the ocean's volume (40) . Ages of up to 5000 years have been reported for glacial deep waters near New Zealand (41), but more northerly sites in the Pacific show little difference from today, at least at depths shallower than~2 km (40) . We infer that the greatest 14 C depletion of the glacial deep ocean was probably concentrated in the Southern Ocean region (and deepest Pacific), coincident with the highest densities (22) and lowest d 
